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1） 在本实验条件下，硅限制 24 小时后假微型海链藻细胞周期停滞在 G2 + M 期；
重新加硅后细胞开始同步化生长。大部分细胞先合成壳环带，再合成壳面，
对应的同步化时间分别为 1 - 4 小时和 4 - 5 小时。7 小时大部分细胞完成分
裂。在蛋白组学数据中获得的代表性的细胞周期蛋白的表达模式也能够证实
硅限制停滞点为 G2 + M 期。 






3） 从 RNA-Seq 转录组学技术研究的同步化 0、2、3、4、4.5、5、7 小时样品平



















4） 对蛋白组学数据和转录组学数据的综合分析发现了硅转运蛋白 SIT2 在蛋白
质水平和 mRNA 水平都与囊泡运输体系具有紧密联系，其中 clathrin 作为囊

















Diatoms are a kind of wide spread single cell eukaryotic algae; it is the most 
important organism in silicon geo-biological-chemical circulation. The highly silicified 
cell wall structure is the main morphological characteristic of diatoms and this 
characteristic is being accurately transported by generations and it became the main 
morphological basis of species identification. Studing the mechanism of diatom 
synthesis its exquisite valve structure is important for understanding the ecological 
success and the silicon geo-biological-chemical circulation. Thus it becomes more and 
more attractive for some researchers. 
In this thesis, Thalassiosira pseudonana CCMP1335 was used to generate 
synchronized culture by silicon restriction and replenishment. The synchronization 
status and the corresponding silicification process was checked by flow cytometry and 
fluorescence microscopy observation. The newly applied iTRAQ (isobaric Tags for 
Relative and Absolute Quantitation) proteomics study method and RNA-Seq 
technology was used to study the mechanisms of different cell wall synthesis stages in 
synchronized T. pseudonana. The main results is listed below: 
1) After 24 h of silicon restriction, most cells were restricted at the G2 + M cell cycle 
stage. Upon silicon replenishment, the cell growth re-started.Upon silicon 
replenishment, most cells start synthesis their girdle bands, then synthesis their 
valve at synchronization time 1 to 4 hours and 4 to 5 hours, respectively. At 7 hours 
after synchronization, most daughter cells were separated. The cell cycle 
representative protein’s expression level was found in iTRAQ data, the cell cycle 
restriction point was confirmed to be G2 + M. 
2) From the iTRAQ data of 0 h, 1 h, 5 h, 7 h samples, we matched a total of 1,831 
proteins. 165 proteins with significant different expression profile was identified, 
including cell cycle proteins, silicon transporters, coatomers etc. There are plenty 
of anminal specific pathways enriched in proteomics study, showing a wealth of 
new pathways presented in diatom. The expression pattern of chloroplast division 















revealed for the first time in T. pseudonana. 
3) RNA-Seq transcriptomics analysis of synchronization 0, 2, 3, 4, 4.5, 5, 7 hour 
samples, we get an average of 3.50  106 reads. The identified genes include almost 
all genes in T. pseudonana. Kinesins was found closely related to the girdle band 
synthesis, showed the importantance of kinesins during girdle band synthesis. 
What’s more, a reverse regulation pattern was found between girdle band synthesis 
genes and valve synthesis genes, implenmented the girdle band and valve synthesis 
would not be processed at the same time by the diatom. 
4) From the integrate analysis of the data of RNA-Seq and iTRAQ, we found SIT2 has 
a significant correlation with cellular coated vesicle transport system in both 
proteomic and transcriptomic level. Clathrin, as one of the coatomers, was probably 
induced the silicon transport to SDV. 
















RNA-Seq: 指建立在 Illumina 高通量测序平台基础上的 cDNA 测序技术 
iTRAQ: 同位素标记相对与绝对定量技术（isobaric Tags for Relative and Absolute 
Quantitation） 
Q-PCR: Real-time Quantitative PCR Detecting System 
LC-MS-MS: 液相色谱-质谱／质谱联用技术 
SITs: 硅酸转运蛋白（silicon transporters，proteins） 
SITs: 硅酸转运子-基因（silicon transporters，genes） 
SDV: 硅沉积小泡（silica deposition vesicle） 
STV: 硅转运小泡（silicon transport vesicle） 
















第一章  前 言 
1 
第一章 前 言 
硅藻是一类光合自养单细胞藻类，广泛分布于全球海洋和多种淡水系统中，
甚至湿润的土壤中。它是海洋生态系统中最主要的初级生产者之一，在全球碳固
定中有着极其重要的作用。每年，硅藻通过光合作用可以生产 45 至 50 亿吨有机
















































内陆水体中的含量要远远高于大洋。当今世界海洋平均硅含量约为 70 μmol L-1
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